OBJECTIVE -A limited number of clinical trials have shown that the total contact cast (TCC) is an effective treatment in neuropathic, noninfected, and nonischemic foot ulcers. In this prospective data collection study, we assessed outcome and complications of TCC treatment in neuropathic patients with and without peripheral arterial disease (PAD) or (superficial) infection.
, which is seen as the definitive standard therapy (2,6 -8) . There are three randomized clinical trials (6 -8) published on the effectiveness of TCCs in neuropathic plantar foot ulcers, in which a nonremovable TCC was compared with no offloading (6), a removable aircast walker (7) , and/or a shoe modality (8) . These studies concluded that a TCC healed a higher proportion of neuropathic, noninfected ulcers in a shorter amount of time, with healing rates of ϳ90%.
Although a TCC seems a highly attractive off-loading modality, several disadvantages have been reported: new ulcers may occur, daily wound care is not possible, mobility is impaired, costs may be relatively high, and specialized staff seems necessary (3) . In the case of prolonged casting, joint rigidity and muscular atrophy have been documented (7) . Finally, the above described trials were performed in centers of excellence in patients with superficial, noninfected, nonischemic, plantar ulcers, and numbers were relatively small. When combined, these published randomized controlled trials reported on 66 patients treated with TCC. Although from a biomechanical point of view off-loading is indicated in most patients, only a minority of all patients fulfills the aforementioned criteria (9) . Therefore, in many patients, the presence of peripheral arterial disease (PAD) and/or infection will be seen as a contraindication for casting. In addition, fear of complications and lack of educated staff hamper the implementation of TCC in daily clinical practice. A recent European survey revealed that TCC is indeed used in a minority of specialized diabetic foot centers (Eurodiale Study Group, unpublished data).
The present study was undertaken to determine the outcome and complication rate of TCC in a wide range of diabetic foot ulcers in daily practice. Patients with moderate PAD and/or (superficial) infection were included in order to compare the outcome of TCC treatment in these patients with the outcome in patients with noninfected pure neuropathic ulcers. study, which commenced in January 1998 and ended in March 2003. Eligible were all diabetic patients with polyneuropathy and a foot ulcer in whom offloading was indicated but not possible with simple measures (e.g., felt). Exclusion criteria were critical limb ischemia (ankle pressure Ͻ50 mmHg, toe pressure Ͻ30 mmHg, TcPO 2 Ͻ 30 mmHg) (10, 11) and major illnesses affecting wound healing. Patients with infection higher than grade 2 of the PEDIS system (10) were also excluded, with the exception of four patients who were treated with oral antibiotics for a chronic osteomyelitis without other signs of infection. Results of the first cast treatment are reported, and patients with a bilateral cast were not analyzed. Data were collected on a weekly or biweekly basis until healing or when casting was stopped before healing. Cast treatment was terminated when there was no reduction in wound size or depth during 4 consecutive weeks, when an infection greater than grade 2 (10) developed, or when the patient had severe discomfort with the cast. These cases are all defined as cast failure. The patient remained in the cast until healing, which was defined as an intact skin on clinical examination.
Complications were scored on each visit, which included discomfort, chafed skin, preulcerative lesion (defined as a nonulcerative lesion related to local pressure in the cast), new ulcers on the affected foot, and lower-extremity joint problems. Time to heal was defined as the number of days from baseline until healing in the cast.
Patients were treated by a multidisciplinary team. At every visit, patient characteristics, cast details, and complications were registered electronically. Peripheral polyneuropathy was defined (10) as the absence of two of five sensory modalities (vibration sensation using the 128-Hz tuning fork, light touch, blunt-sharp discrimination, Achilles tendon reflex, and 10-g monofilament). Moderate PAD was defined (10) as the absence of both pedal pulses on the affected foot and/or presence of intermittent claudication and/or ankle brachial index Ͻ0.9 and/or toe brachial index Ͻ0.6 and/or TcPO 2 30 -60 mmHg, without signs of critical limb ischemia (see above). The anatomical location (35 regions of the foot) was defined as described by Apelqvist et al. (12) . The wound surface was estimated (10) by multiplying the largest by the second largest diameter, measured perpendicular to the first diameter. Superficial infection was defined (10, 11) as an infection involving skin and subcutaneous tissue only, without systemic signs. At least two of the following items were present: local swelling or induration, erythema Ͼ0.5 cm around the ulcer, local tenderness or pain, local warmth, purulent discharge (thick, opaque to white or sanguineous secretion), and lymphangitis (10, 11) .
Three total contact casting modalities were used: a nonremovable TCC, a removable TCC (RCC), and a shoe-model cast (SMC) that could not be removed by the patient. These casts were applied using a modification of the technique described by Kominsky (13) , and the choice of cast was based on both patient and cast characteristics ( Fig. 1) . Eighty-six percent of the patients were treated with one type of cast during the complete treatment period. In the other patients, one specific type of cast was prescribed Ͼ60% of the time, and this cast was used in the analyses. Felt was applied around the ulcer to reduce peak pressure. Patients with a removable cast were instructed to remove the device only during wound care. At every visit, necrotic tissue and callus were surgically debrided. TCCs were renewed every 1-2 weeks, and RCC and SMC devices were modified if necessary. 
Statistical analyses
Data are expressed as median and interquartile ranges. Comparisons were performed using Fisher's exact, MannWhitney U, and Kruskal-Wallis tests. In all analyses, correction was made for ulcer duration. Multivariate analyses were performed to further delineate the effect of PAD and infection on the percentage healed and cast failure (logistic regression). In this analysis we included PAD, infection at baseline, type and duration of diabetes, age and sex, size and duration of the ulcer at baseline, and type of cast. The SPSS statistical package, version 11.0 (Chicago, IL), was used.
RESULTS -Ninety-eight patients were enrolled in the study. More than 90% of these patients had multiple diabetic complications. Patient and wound characteristics are described in Table 1 . PAD was present in 44% and infection at baseline in 29% of the patients. Overall, healing was achieved in 74 (76%) of the patients, with a median healing time of 33 days (interquartile range 14 -63). In 22 patients, the ulcer did not heal during cast treatment (cast failure). Nine of these patients developed progressive infection, six were hospitalized for intravenous antibiotics, and three underwent amputation (two lower leg, one toe). Because of impaired healing, a revascularization procedure was performed in two patients and a free-flap transplantation in three patients.
In seven patients, casting was stopped due to discomfort with the cast and noncompliance in one patient. In all the aforementioned patients, alternative offloading techniques were used, which resulted in healing of 20 of the 22 ulcers at the end of the study period. Two patients were lost to follow-up before healing had occurred and were included in the analyses as cast failures (n ϭ 24 in total).
Ulcer healing
In patients without infection and without PAD, healing occurred in 90%, and in patients without PAD but with infection, healing was observed in 87% (NS) (Fig.  2) . In patients without infection but with moderate PAD, healing occurred in 69% (P Ͻ 0.01 vs. PAD-negative/infectionnegative patients). However, in patients with infection and PAD, healing was markedly impaired; only 36% of the ulcers healed during cast treatment (P Ͻ 0.005 vs. PAD-negative/infectionnegative patients). The time to heal was 18 days in the patients without infection and without PAD (range 10 -41 days) and 29 days in patients without PAD but with infection (range 27-68 days; P Ͻ 0.05). In patients without infection but with moderate PAD, the time to heal was 42 days (range 14 -65 days; P Ͻ 0.05 vs. PAD-negative/infection-negative patients and PAD-negative/infection-positive patients). Because only a minority of patients with infection and PAD healed during cast treatment, the numbers were too small to calculate the time to heal.
No differences in age, sex, duration of diabetes, type of diabetes, diabetic complications, and ulcer size were observed between the patients who healed and the patients who did not heal in the cast (Table 1). Moreover, no differences were observed between the healing rates of the three types of cast (TCC vs. RCC vs. SMC). Patients with cast failure had, in comparison with patients in whom the ulcer healed, more frequent moderate PAD (75 vs. 34%; P Ͻ 0.001), longer duration of the ulcer (61 vs. 21 days; P Ͻ 0.05), and more frequent infection at baseline (46 vs. 24%; P Ͻ 0.05). In addition, the anatomical location was clearly related to outcome; all ulcers (n ϭ 15) in the metatarsal head 1 region healed, irrespective of the presence of PAD and/or infection. In contrast, the minority of heel ulcers healed (P Ͻ 0.02) ( Table 1) . Logistic regression analysis also showed that infection at baseline (OR 3.6), PAD (OR 7.4), and the location at the heel (OR 11.4) were associated with a lower percentage of healing in the cast.
Complications
New ulcers, all superficial, were observed in 9% of the patients and were not related to ischemia, infection, or the anatomical location of the primary ulcer (data not shown). These ulcers healed within a maximum of 13 days in a revised cast. Preulcerative lesions developed in 28% of the patients but resolved within a few days after minor adaptations of the cast. Chafed skin was found in 8% of the patients, and temporary joint problems were reported in 7% of the patients.
CONCLUSIONS -Increased biomechanical stress is one of the most important pathways leading to ulceration in patients with neuropathic and neuroischemic foot ulcers. Randomized clinical trials (6 -8) have shown that casting can be an effective off-loading modality in the treatment of neuropathic, noninfected ulcers, but several questions remain about the applicability of these data to daily practice. The current study shows that with casting, in a wide range of ulcers, the majority of patients (76%) can be healed in a relative short time span (median 33 days). As expected, the best results were obtained in patients with noninfected, pure neuropathic ulcers. Ninety percent Data are median (interquartile range). *P Ͻ 0.05.
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of the ulcers healed in a median of 18 days; these results are comparable with the aforementioned randomized controlled trials in which TCC was evaluated (6 -8) . These healing rates of ϳ90% compare favorably with the results obtained in the control arms of randomized controlled trials (14,15) on wound care, in which ϳ30% healed in 140 days, as summarized in a meta-analysis (16). In the current study, superficial infection in patients with pure neuropathic ulcers did not influence the results, but in patients with neuroischemic ulcers without infection, the percentage healed was somewhat lower (69% healed). The poorest results were obtained in patients with both neuroischemia and infection (36% healed).
Infection is a frequent complication of diabetic foot ulcers (11) , and the presence of infection greatly enhances the risk of amputation (17) . At present, infection is seen as a contraindication for total contact casting (8, 18) , given the risks of spreading of the infection, the inability of daily wound inspection, and the need for daily dressing changes. Indeed, infection did have negative effects on healing rates and healing times, although this effect was small in pure neuropathic ulcers. Therefore, it appears that casting can be applied in infected neuropathic ulcers with results comparable with pure neuropathic ulcers without infection, in the absence of PAD or deep tissue infection. Prerequisites are close monitoring of the patient, weekly wound care, and antibiotic treatment. In case of increased exudation, a removable cast can be safely used because this technique allows daily dressing changes.
Appoximately 40% of the foot ulcers in Westernized countries are neuroischemic. PAD is usually seen as a contraindication for total contact casting (18) , because of fear of further deterioration of the blood supply and development of new ulcers. However, some authors reported that this treatment was efficacious in small numbers of patients (19, 20) . Elevated biomechanical stress is probably as important in neuroischemic as in neuropathic foot ulcers (21); therefore, offloading is indicated in both types of ulcers. Our data show that in comparison with pure neuropathic ulcers, TCC treatment can be used with limited loss of effectiveness in neuroischemic ulcers, without critical limb ischemia and infection.
The combination of infection and moderate PAD renders a poor prognosis. In the current study, only 36% of the patients with this combination healed with casting. These poor healing rates are in line with an amputation rate of 50% in patients with infection and peripheral ischemia, as reported earlier (22) . It is likely that the peripheral perfusion deficit resulted in impaired penetration of the antibiotics (23) and possibly contributed to a decreased local immune response. Therefore, other treatment modalities should be used in these types of ulcers.
The anatomical location of the ulcer affected healing rates in our study (24 -27) . All ulcers at the metatarsal head 1 region healed, and very poor results were obtained in patients with heel ulcers. As suggested by previous biomechanical studies (28) , the TCC technique is not very effective in reducing elevated plantar pressures at the heel region, and therefore, alternative off-loading strategies should be sought (29) . The duration of the ulcer had a negative effect on the time to heal, as also shown in other studies on wound healing (16) . Therefore, we suggest that in patients in whom casting is considered, this treatment should be started as soon as possible.
In addition to the classic rigid TCC, we used two semi-rigid adaptations that were less heavy and that permitted daily wound care: a RCC up to the knee and a SMC up to the ankle that was fixated. The nonremovable TCC and the RCC were similar in many aspects, and earlier studies did not show a difference in pressure relief between these two modalities (30, 31) . As suggested earlier (32) , part of the efficacy of the nonremovable TCC is possibly related to the "forced compliance" for off-loading. We did not observe major differences in the results obtained with these devices; however, our study was not designed to evaluate the efficacy of these different off-loading techniques. Additional studies are needed to determine the (cost-)effectiveness of these more recently developed casting models versus the classic TCC.
In the published randomized controlled trials, TCC was associated with a low complication rate (6 -8) , but this does not mean that similar results will be obtained in daily practice. Our study shows that casting in the elderly and frequently frail patient with a diabetic foot ulcer is indeed applicable in daily practice and can contribute to a favorable outcome of treatment. All consecutive patients were included from the first day we started casting; therefore, our data include the learning curve of the staff. Moreover, casts were applied during the years of the study by seven different casting technicians. Casting therapy is not without risks, as illustrated by the 9% new ulcers and the 29% preulcerative lesions in the current study. However, these adverse events did not result in delayed healing of the foot, as all ulcers and preulcerative lesions resolved in the cast before the primary ulcer had healed. These complications were not related to the presence of infection, PAD, or the anatomical location of the ulcer but were probably the result of suboptimal casting technique and/or inappropriate use of the cast by the patient. The high number of preulcerative lesions caused by the cast stresses the importance of close monitoring until the last day of treatment.
In conclusion, casting therapy is applicable in daily practice in a wide range of patients, with good healing rates and relative few major complications. In comparison with patients with pure neuropathic ulcers, patients with (superficial) infection or moderate PAD can be treated with limited loss of effectiveness with casting. However, given the poor outcome, alternative strategies should be used in patients with the combination of PAD and (superficial) infection and in patients with heel ulcers.
